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7KHVKRUWIDOOLQUHYHQXHVLVSDUWO\PDGHXSE\JRYHUQPHQWVXEVLGLHVIRULQYHVWPHQWDQGRSHUDWLRQVDWWKHWXQHRI
86'ELOOLRQSHU\HDURIZKLFKRQO\DERXWSHUFHQWLVILQDQFHGE\H[WHUQDOGRQRUVWKHJRYHUQPHQWVXEVLGLHV
VKULQNWRPLOOLRQSHU\HDUIRUWKHSDVWWKUHH\HDUVWKLVLQFUHDVHWKHJDSEHWZHHQWKHUHYHQXHDQGH[SHQVHV
'XHWRWKHODVWDFWLRQVGRQHE\WKHJRYHUQPHQWWRGHFUHDVHWKHHQHUJ\VXEVLGLHVZKLFKMXPSE\WKHHQHUJ\FRVW
XS WR  SHUFHQW DQG VR WKH DQQXDO HOHFWULFLW\ WDULII SDLG E\ WKH KROGLQJ FRPSDQ\ DQG LWV DIILOLDWHG FRPSDQLHV
LQFUHDVHGE\PLOOLRQSRXQGVDQQXDOO\WKLVSXWDORWRIFKDOOHQJHRQWKHVKRXOGHURIWKHKROGLQJFRPSDQ\WRWDNH
DQ\QHFHVVDU\DFWLRQVWRUHGXFHDQGVDYHHQHUJ\
,Q JHQHUDO DOOZDWHU WUHDWPHQW SURFHVVHV DLPV WR UHPRYH VXVSHQGHG VROLGVZKLFK LQFUHDVH WXUELGLW\ DQG FDXVH
FKDQJHLQFRORUDQGRGRUDOVRWRUHPRYHSDWKRJHQV
&KHPLFDO GRVLQJ LQZDWHU WUHDWPHQW SODQW LV DQ LPSRUWDQW DQG HVVHQWLDO VWHS LQZDWHU WUHDWPHQW LQGXVWU\ 7KH
FKHPLFDO LV GHOLYHUHGE\ SXPSV RQH IRU FKORULQH GLVLQIHFWDQW DQGRQH IRU DOXP FRDJXODQW 7KHGRVLQJ SXPSV
FRQVXPH D ODUJH DPRXQW RI ZDWHU WUHDWPHQW SODQW HOHFWULFLW\ DERXW   RI WKH HQHUJ\ QHHGHG WR RSHUDWH WKH
WUHDWPHQWSODQW7DEOH6KRZVWKHGLVWULEXWLRQDQGFDSDFLWLHVRIZDWHU WUHDWPHQWSODQWVEHORQJVWR&DLUR:DWHU
&RPSDQ\IURPWKHWDEOHWKHDYHUDJHFRQVXPSWLRQRIHQHUJ\IRUWKHSURGXFWLRQRIDFXELFPHWHULVZDWWWKLVFRVW
DERXW/(RQO\IRUHOHFWULFLW\WKLVUHSUHVHQWRIWKHUHDOSURGXFWLRQFRVWRIWKHFXELFPHWHU

7DEOH'LVWULEXWLRQDQGFDSDFLWLHVRIZDWHUWUHDWPHQWSODQWVEHORQJVWR&DLUR:DWHU&RPSDQ\

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$O0DDG\   
3RWDVVLXP)HUUDWHSRVVHVVXQLTXHSURSHUWLHVGXHWR LWVPXOWLIXQFWLRQSURSHUWLHVDVDFRDJXODQWGLVLQIHFWDQWDQG
R[LGDQWDWWKHVDPHWLPHDOVRGHVSLWHFKORULQHIHUUDWHSURGXFHQRKDUPIXOE\SURGXFWV
7RV\QWKHVLVIHUUDWHDFRPPRGLW\FKHPLFDOVOLNHIHUULFFKORULGHDQGVRGLXPK\SRFKORULWHZKLFKDOUHDG\IRXQGLQ
PRVW ZDWHU DQG ZDVWHZDWHU WUHDWPHQW SODQWV )HUUDWH LV D JHQXLQHO\ JUHHQ WHFKQRORJ\ WKDW LV ERWK HIIHFWLYH DQG
DIIRUGDEOH
)HUUDWHFKDUDFWHUL]HGE\PRUHR[LGDQWSRZHUWKDQRWKHUR[LGDQWVVXFKDVR]RQHDQGFKORULQHGLR[LGH,WFRXOGEH
XVH LQVWHDG RI FRDJXODQWV VXFK DV IHUULF FKORULGH DOXP DQG SRO\PHUV IRU WKH UHPRYDO RIPHWDOV QRQPHWDOV DQG
KXPLFDFLGV,WLVFDSDEOHRIGLVLQIHFWPDQ\FKORULQHUHVLVWDQWRUJDQLVPVVXFKDVDHURELFVSRUHIRUPHUVDQGVXOSKLWH
UHGXFLQJFORVWULGLD
:RUNREMHFWLYHV
x 6DYLQJWKHGRVLQJHQHUJ\XVHGIRUERWKDOXPDQGFKORULQHE\XVLQJDQRYHOPXOWLIXQFWLRQDOJUHHQFRDJXODQW
SRWDVVLXPIHUUDWH
x 6DYLQJHQHUJ\RIVOXUU\GLVFKDUJHSRWDVVLXPIHUUDWHSURGXFHORZVOXUU\
x 6DYLQJWKHFRVWE\XVLQJORZDQGHIIHFWLYHGRVHRISRWDVVLXPIHUUDWHLQVWHDGRIERWKFKORULQHDOXP
x (OLPLQDWHWKHULVNRISURGXFLQJKD]DUGRXVFKHPLFDOE\SURGXFWV
x /RZHUFDSLWDOUXQQLQJFRVWVDQGOHVVPDQDJHPHQWDUHUHTXLUHGFRPSDULQJZLWKWKHFRQYHQWLRQDOWZRXQLW
V\VWHPXVLQJGLVLQIHFWDQWDQGFRDJXODQWVHSDUDWHO\
x 6WXG\LQJWKHDELOLW\WRXVHSRWDVVLXPIHUUDWHLQZDVWHZDWHUWUHDWPHQWDQGDOVRDFKLHYHWKHUHPRYDORIDPPRQLD
ZKLFKDVSHFLILFFKDOOHQJHUHSUHVHQWLQ5RVVLWD%UDQFKZLWKORZHUGRVHOHVVFRQVXPSWLRQRIHQHUJ\RI
SRWDVVLXPIHUUDWHPJOSRWDVVLXPIHUUDWHGRVHIRUHDFKPJODPPRQLDFRPSDULQJWRWKHFKORULQHPJO
FKORULQHIRUHDFKPJODPPRQLD
x 6DYLQJWUHDWPHQWFRVW1RQHHGWRXVHDFWLYDWHGFDUERQ
([SHULPHQWDO
7KLVZRUNZDV GRQHRQ ERWK ODE DQGSLORW VFDOH WR FRQILUP WKH IHUUDWH VXSHULRU SURSHUWLHV LQ SHUIRUPLQJ ERWK
FRDJXODWLRQDQGGLVLQIHFWLRQ

/DEVFDOH
-DU WHVWZDV FRQGXFWHG LQ EHQFK VFDOH WR VHOHFW WKH RSWLPXP GRVH RI SRWDVVLXP IHUUDWHZKLFK FDQ EH XVHG WR
DFKLHYH WKH ERWK FKHPLFDO DQG PLFURELRORJLFDO WUHDWPHQW 7UHDWPHQW SURFHGXUH ZDV FDUULHG RXW WKURXJK MDU WHVW
PRGHO-/7SURGXFHGE\9(/36FLHQWLILFFRPSDQ\
3LORWVFDOH
7KHZRUN LQ WKLV VFDOHZDVGRQHE\XVLQJDPRELOHZDWHU WUHDWPHQWSLORWSODQW IURP$OH[DQGULD&RPSDQ\ IRU
ZDWHU 7KLV SLORW SODQW DOORZV WKH XVLQJ RI WKH VDPH WUHDWPHQW VWHSV E\ WKH VDPH VHTXHQFH DV LQ FRQYHQWLRQDO
WUHDWPHQWZLWKDELOLW\WRFKDQJHWKHUDZZDWHUVRXUFHDVVKRZQLQWKHIROORZLQJILJXUH

$ VXUYH\ ZDV GRQH WKURXJK 5RVVLWD %UDQFK WR GHWHFW WKH PRVW FULWLFDO DQG SROOXWHG SRLQW WR SHUIRUP WKH
H[SHULPHQWDOZRUNRQLW



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)LJXUH0RELOHZDWHUWUHDWPHQWSLORWSODQWIURP$OH[DQGULD&RPSDQ\IRUZDWHU

7KHVXSHULRUSHUIRUPDQFHRIIHUUDWH9,ZDVGHPRQVWUDWHGYLDFRPSDULVRQEHWZHHQXVLQJLWRQO\LQVWHDGRIERWK
DOXP DQG FKORULQH WKURXJK PDQ\ H[SHULPHQWV 7KH SUDFWLFDO DVSHFW RI PDQ\ RI WKHP ZDV WR GHPRQVWUDWH WKH
IHDVLELOLW\ RI WKH RQOLQH JHQHUDWLRQ DQG DSSOLFDWLRQ RI IHUUDWH 9, IRU ZDWHU WUHDWPHQW ZKLFK FRXOG OHDG WR WKH
LPSOHPHQWDWLRQRIIHUUDWH9,WHFKQRORJ\LQZDWHUDQGZDVWHZDWHUWUHDWPHQWSUDFWLFH
7KHFRPSDULVRQLQFOXGHVWKHPHQWRULQJRIWKHIROORZLQJWKUHHDVSHFWV
x (QHUJ\ZKHQSRWDVVLXPIHUUDWHZDVXVHGRQO\LQVWHDGRIERWKDOXPDQGFKORULQH
x (QHUJ\WRGUDLQWKHSURGXFHGVOXUU\ZKHQSRWDVVLXPIHUUDWHZDVXVHGRQO\LQVWHDGRIERWKDOXPDQGFKORULQH
0RELOHSLORW 5DZZDWHULQWDNH
&RDJXODWLRQ	IORFFXODWLRQ )LOWUDWLRQ
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x 7KHW\SHDQGDPRXQWRIKDUPIXOE\SURGXFWVZKHQSRWDVVLXPIHUUDWHZDVXVHGRQO\LQVWHDGRIERWKDOXPDQG
FKORULQH
$6XUYH\RQ5RVVLWD%UDQFK
7KH5LYHU1LOHWUDYHOVIURP$VZDQWR$OH[DQGULDLQVLGH(J\SWIRUDERXW.PDQGLW LVWKHPDLQVRXUFHIRU
(J\SWLDQVGULQNLQJZDWHU LWGLYLGHG LQWR WZREUDQFKHVDW WKH'HOWD%DUUDJH 'DPLHWWD DQG5RVVLWDXQIRUWXQDWHO\
5RVVLWDEUDQFKVXIIHUIURPDPDMRUVHULRXVTXDOLW\SUREOHPGXHWRHOHYDWHGDPPRQLDFRQFHQWUDWLRQDORQJWKLVEUDQFK
ZKLFKSXWDORWRISUHVVXUHRQWKHVKRXOGHUVRIZDWHUWUHDWPHQWSODQWVWRUDLVHWKHLUFKHPLFDO
VGRVHVFKORULQHDQG
DOXPWRRYHUFRPHVXFKFRQWDPLQDWLRQIRUPLQJ7+0DVDE\SURGXFWIRUGLVLQIHFWLRQ
5RVHWWD EUDQFK DQG (/0DKPXGL\D FDQDO UHSUHVHQWV WKHPDLQ IUHVKZDWHU VWUHDP WKDW H[WHQGV QRUWKZDUGV IRU
DERXWNPRQWKHZHVWHUQERXQGDU\RIWKH1LOH'HOWDIURP(J\SW
V'HOWD%DUUDJH
7KH DUHDRI WKLV VWXG\ H[WHQGHGDERXWNP LQ5RVHWWDEUDQFK VWDUWLQJ IURP(O ,NKVDVYLOODJHXS WR(GILQD
EDUUDJHDQGDERXWNPLQ(/0DKPXGL\D&DQDOZLWKVWDUWLQJIURP(O6XLI:73WR(O$WWDIYLOODJHVLWHVZHUH
FKRVHQ6DPSOHVZHUHFROOHFWHGIURPWKHPLGGOHRIWKHZDWHUZD\LQHDFKRIWKH5RVHWWDEUDQFKDQG(/0DKPXGL\D
&DQDO

6DPSOHVZHUHFROOHFWHGDWDVDPSOHUDWHRINLORPHWHUVZLWKDWRWDOVDPSOH$VVKRZQLQ)LJXUH
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)LJXUH7KHVDPSOLQJSRLQWVRQ(/0DKPXGL\DFDQDO
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6DPSOHDQDO\VLV
3K\VLFDODQGFKHPLFDODQDO\VHVZHUHFDUULHGRXWDFFRUGLQJWR6WDQGDUG0HWKRGVIRU([DPLQDWLRQRI:DWHUDQG
:DVWHZDWHU )LHOG SDUDPHWHUV WHPSHUDWXUH S+ HOHFWULF FRQGXFWLYLW\ (& GLVVROYHG R[\JHQ '2 DQG WRWDO
GLVVROYHGVROLGV7'6ZHUHPHDVXUHG LQVLWHXVLQJPXOWLSUREHV\VWHPDPPRQLDQLWULWHDQGQLWUDWHZHUHFDUULHG
RXWE\DFRORULPHWULFPHWKRGDQGWKHFKORULGHGRQHE\DUJHQRPHWHULFPHWKRG

5HVXOWVDQGGLVFXVVLRQV
6XUYH\5HVXOWV
7KH IROORZLQJ WDEOH  VKRZV WKH UHVXOWVRI3K\VLFDO DQG FKHPLFDO DQDO\VHVRI WKHZDWHURI VLWHV IURP(/
0DKPXGL\DFDQDO

7DEOH5HVXOWVRISK\VLFDO	FKHPLFDODQDO\VHVRIZDWHUVDPSOHVFROOHFWHGIURP(/0DKPXGL\D&DQDOGXULQJZLQWHU


12 3RVLWLRQ S+ 7XUELGLW\
178
&RQG
0VFP
7'6
PJ/
'2
PJ/
$PPRQLD
PJ/
1LWULWH
PJ/
1LWUDWH
PJ/
FKORULGH
PJ/
7HPS
&R
6WDQGDUGVDQGOLPLWVIRU
GLVFKDUJHVRQZDWHUERGLHV
    PRUH
WKDQ
OHVVWKDQ  OHVVWKDQ

 RUGLQDU\
 (O6XLI,QWDNH          
 .KRUVKHG          
 .KDGUDYLOODJH          
 NDIHUHOGDZDU
LQWDNH
       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)URP7DEOH  WKH UHVXOWV VKRZV WKDW WKH OHYHO RI DPPRQLD LQ(/0DKPXGL\D&DQDO LV DPD[LPXPDW$WWHI
YLOODJH SSPDIWHU=DUNRQGUDLQ:KLFKPHDQWKDWWKHGUDLQKDVDODUJHHIIHFWRQ(/0DKPXGL\DFDQDO7KLV
FDQEHVKRZQLQ)LJXUH
)LJXUH/HYHORIDPPRQLDDORQJ(/0DKPXGL\DFDQDO

7KH VXUYH\ UHVXOWV GHPRQVWUDWH WKDW WKH DPPRQLD OHYHO DW (/0DKPXGL\D FDQDO LV DURXQG  SSP ZLWK KLJK
FRQFHQWUDWLRQRIERWKQLWUDWHDQGQLWULWHWKLVZLOOOHDGWRXVLQJRIDKLJKHUGRVHVRIFKORULQHDURXQGSSPLQRUGHU
WRUHDFKWKHEUHDNSRLQWDQGVRDKLJKHUHQHUJ\FRQVXPSWLRQXSWRRIWKHUHJXODUFKORULQHGRVHSSPZLOO
EHXVHG
-DUWHVWXVLQJ3RWDVVLXPIHUUDWH
7KHVHOHFWHGUDZZDWHUIURP(/0DKPXGL\DFDQDOZDVWKHQGLVWULEXWHGLQWREHDNHUVWRFRQGXFWMDUWHVWRQLWLQ
RUGHUWRVHOHFWWKHRSWLPXPSRWDVVLXPIHUUDWHGRVHZKLFKDFKLHYHUHPRYDORIDPPRQLDDQGSDWKRJHQV7KHXVHG
SRWDVVLXPIHUUDWHZDVSUHSDUHG LQ WKH ODEXVLQJ:HWPHWKRGIRUSUHSDUDWLRQXVLQJ WKHIROORZLQJFKHPLFDOV IHUULF
FKORULGHVRGLXPK\GUR[LGHDQGSRWDVVLXPSHUPDQJDQDWHIURP0HUFN&R
7HVWVZHUHFDUULHGRXWXVLQJP/VDPSOHV$IWHUIODVKPL[LQJEHJDQWKH3RWDVVLXPIHUUDWH9,GRVHVZHUH
DGGHG7KHSUHVHQFHRIIHUUDWHLQWKHVDPSOHVZDVWHVWHGXVLQJSRWDVVLXPLRGLGH.,2QFHWKHIHUUDWHKDGUHDFWHGLQ
WKHIDVWPL[LQJVWHSIRUPLQXWHWKHPL[LQJVSHHGZDVWKHQUHGXFHGWRDOORZFRDJXODWLRQDQGILQDOO\VHGLPHQWDWLRQ
RIIORFV
6DPSOHVZHUHWKHQWHVWHGIRUWKHIROORZLQJSDUDPHWHUDPPRQLDWXUELGLW\DQG7RWDOEDFWHULDOFRXQW7KHGDWDLV
VKRZQLQ7DEOH

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dŚĞƐĞůĞĐƚĞĚŝŶƚĂŬĞ
Ϭ͘ϱƉƉŵƚŚĞ ƌĞŐƵůĂƚŝŽŶĂŵŵŽŶŝĂǀĂůƵĞ
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7DEOH7KH3RWDVVLXPIHUUDWHMDUWHVWUHVXOWV
3RWDVVLXP
IHUUDWH'RVH
SSP
$PPRQLD
SSP
$PPRQLD
5HPRYDO
SHUFHQW
7XUELGLW\
178

7XUELGLW\
5HPRYDO
3HUFHQW
7RWDO&ROLIRUP
SHUFHQWUHPRYDO
&)8P/
     
     
     
     
     
     

 7KH GDWD LQ WDEOH  GHPRQVWUDWH WKH HIIHFWLYHQHVV RI SRWDVVLXP IHUUDWH LQ UHPRYDO RI DPPRQLD DQG
WXUELGLW\DQGDFFRPSOLVKRIDVXIILFLHQWGLVLQIHFWLRQ
-DUWHVWXVLQJ&KORULQH$OXP
%\ WKH VDPH ZD\ WKH VHOHFWHG UDZZDWHU IURP (/0DKPXGL\D FDQDO ZDV WKHQ GLVWULEXWHG LQWR  EHDNHUV WR
FRQGXFWMDUWHVWXVLQJFKORULQHDVGLVLQIHFWDQWDQGDOXPDVFRDJXODQW
7HVWVZHUHFDUULHGRXWXVLQJP/VDPSOHV$IWHUIODVKPL[LQJEHJDQWKHFKORULQHDOXPGRVHVZHUHDGGHGWKH
PL[LQJVSHHGZDVWKHQUHGXFHGWRDOORZFRDJXODWLRQDQGILQDOO\VHGLPHQWDWLRQRIIORFV
6DPSOHVZHUHWKHQWHVWHGIRUWKHIROORZLQJSDUDPHWHUDPPRQLDWXUELGLW\DQG7RWDOEDFWHULDOFRXQW7KHGDWDLV
VKRZQLQ7DEOH

7DEOH7KH&KORULQH$OXPMDUWHVWUHVXOWV

&KORULQH
'RVH
SSP
$OXP
'RVH
SSP
$PPRQLD
SSP
$PPRQLD
5HPRYDO
SHUFHQW
7XUELGLW\
178
7XUELGLW\
5HPRYDO
3HUFHQW
7RWDO&ROLIRUP
SHUFHQW
UHPRYDO
&)8P/
      
      
      
      
      
      

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&RPSDULVRQEHWZHHQ3RWDVVLXPIHUUDWHDQG&KORULQH$OXP
7KHIROORZLQJILJXUHVKRZVDFRPSDULVRQEHWZHHQWKHRSWLPXPGRVHRISRWDVVLXPIHUUDWHDQGGLIIHUHQWGRVHV
RIERWK&KORULQH$OXP



















)LJXUH$FRPSDULVRQEHWZHHQWKHRSWLPXPGRVHRISRWDVVLXPIHUUDWHDQGGLIIHUHQWGRVHVRIERWK
&KORULQH$OXP

,W
VREYLRXVIURPWKHILJXUHWKDWSRWDVVLXPIHUUDWHE\SSPGRVHDFKLHYHUHPRYDORIDPPRQLD WXUELGLW\DQG
WRWDOFROLIRUPE\DQGUHVSHFWLYHO\ZKLFKLVKLJKHUWKDQXVLQJRIERWKDOXPDQGFKORULQHZLWK
GRVHVDQGSSP
7KH SURGXFHG VOXUU\ IURP SRWDVVLXP IHUUDWH ZDV IRXQG WR EH PO ZKLFK LV OHVV WKDQ WKH YROXPH RI VOXUU\
SURGXFHGZKHQFKORULQHDOXPZDVXVHG PO
)URPWKHEHQFKVFDOHUHVXOWVLW LVFOHDUWKDWXVLQJRISRWDVVLXPIHUUDWHZLOOVDYHHQHUJ\E\UHSODFLQJERWKDOXP
DQGFKORULQHSXPSVE\RQO\RQHGRVLQJSXPSIRUGHOLYHULQJSRWDVVLXPIHUUDWH
$OVR IURP WKH DPRXQW RI VOXUU\ UHVXOWV WKH XVLQJRI SRWDVVLXP IHUUDWHZLOO VDYH HQHUJ\XVHG WR GLVFKDUJH WKH
VOXUU\EHFDXVHIHUUDWHSURGXFHOHVVVOXUU\E\IURPXVLQJDOXPDVDFRDJXODQW
0RELOHSLORWDSSOLFDWLRQ
3LORW XQLWV DUH XVHG LQ IHDVLELOLW\ VWXGLHV 7KH\ HQDEOH WKH DFTXLVLWLRQ RI GDWD WR FRQILUP WKH YLDELOLW\ RI WKH
SURFHVVWKHSURMHFWHGRSHUDWLRQDOFRVWVDQGWKHIXOOVFDOHGHVLJQSDUDPHWHUV
7KH PRELOH SLORW ZDWHU WUHDWPHQW SODQW FRQWDLQV WKH IROORZLQJ FRPSRQHQWV DV VKRZQ LQ WKH IROORZLQJ IORZ
GLDJUDP6HHILJXUH

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)LJXUH0RELOHSLORWZDWHUWUHDWPHQWSODQWIORZGLDJUDP

8VLQJ RI SRWDVVLXP IHUUDWH DOORZV SURGXFLQJ RI ZDWHU E\ LPSURYHG TXDOLW\ DQG ZLWK RQO\ DGGLWLRQ RI IHUUDWH
LQVWHDGRI WKHIROORZLQJ WKUHHVWHSVFKORULQHGRVLQJDOXPGRVLQJDQGDFWLYDWHGFDUERQDV VKRZQ LQ WKH IROORZLQJ
ILJXUH
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 
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

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
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


5DZ
:DWHU
&RQWDLQHU
5DZ
ZDWHU
SXPS
&KORULQH
GRVLQJ
SXPS
$OXP
GRVLQJ
SXPS
&RDJXODWLRQ
IORFFXODWLRQWDQN
$FWLYDWHGFDUERQ
ILOWUDWLRQ
&KORULQH
GRVLQJ
SXPS
6HGLPHQWDWLRQ
WDQN
6DQG
ILOWUDWLRQ
5DZ
:DWHU
&RQWDLQHU
5DZ
ZDWHU
SXPS
&KORULQ
HGRVLQJ
SXPS
$OXP
GRVLQJ
SXPS
&RDJXODWLRQ
IORFFXODWLRQWDQN
$FWLYDWHGFDUERQ
ILOWUDWLRQ
&KORULQH
GRVLQJ
SXPS
6HGLPHQWDWLRQ
WDQN
6DQG
ILOWUDWLRQ
)HUUDWH
)LJXUH0RELOHZDWHUWUHDWPHQWSODQWLQFDVHRIXVLQJSRWDVVLXPIHUUDWH
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(IIHFWRIXVLQJRIIHUUDWHLQWKHWRWDOHQHUJ\FRQVXPSWLRQ
8VLQJRIIHUUDWHDFKLHYHGVDYLQJLQHQHUJ\E\WRWDOIURPWKHWRWDOHQHUJ\UHTXLUHGIRURSHUDWLQJWKHSLORW
SODQW WKLV LVE\VDYLQJ WKHHQHUJ\RIDOXPFKORULQHGRVLQJSXPSDQGDOVRVDYLQJ WKHHQHUJ\RIDFWLYDWHGFDUERQ
ILOWHUEDFNZDVKSXPS)HUUDWHDFKLHYHUHGXFWLRQLQXVHRIVOXUU\GLVFKDUJHSXPSE\DERXWIURPXVLQJDOXP
DQG FKORULQH EHFDXVH IHUUDWH SURGXFH OHVV VOXUU\ E\   IURP XVLQJ DOXP DV D FRDJXODQW 7KHVH UHVXOWV DUH
LOOXVWUDWHGLQWDEOHZKLFKUHSUHVHQWWKHHQHUJ\FRQVXPSWLRQLQFDVHRIXVLQJRIFKORULQHDOXPDVDFRDJXODQWDQG
GLVLQIHFWDQW DQG WDEOH  VKRZ WKH HQHUJ\ FRQVXPSWLRQ LQ FDVH RI UHSODFHPHQW RI DOXPFKORULQH ZLWK D VLQJOH
GRVLQJRIIHUUDWH7KHVHDOOUHVXOWVDUHVKRZQLQWKHILJXUHZKLFKGHPRQVWUDWHVWKHHIIHFWRIXVLQJIHUUDWHLQWKH
HQHUJ\FRQVXPSWLRQLQVWHDGRIXVLQJFKORULQHDOXP

7DEOH0RELOHSLORWSODQWHQHUJ\FRQVXPSWLRQLQFDVHRIXVLQJFKORULQHDOXP
&RPSRQHQW (QHUJ\FRQVXPSWLRQE\:DWW
5DZZDWHUSXPS 
&KORULQHGRVLQJSXPS 
$OXPGRVLQJSXPS 
)LOWHUDLUFRPSUHVVRU 
)LOWHUEDFNZDVKSXPS 
$FWLYDWHGFDUERQILOWHUEDFNZDVKSXPS 
6OXUU\GLVFKDUJHSXPS 
7RWDOHQHUJ\ 

7DEOH0RELOHSLORWSODQWHQHUJ\FRQVXPSWLRQLQFDVHRIXVLQJIHUUDWH
&RPSRQHQW (QHUJ\FRQVXPSWLRQE\:DWW
5DZZDWHUSXPS 
)HUUDWHGRVLQJSXPS 
$OXPGRVLQJSXPS «
)LOWHUDLUFRPSUHVVRU 
)LOWHUEDFNZDVKSXPS 
$FWLYDWHGFDUERQILOWHUEDFNZDVKSXPS «
6OXUU\GLVFKDUJHSXPS  
7RWDOHQHUJ\ 
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
)LJXUH6KRZVWKHHIIHFWRIXVLQJIHUUDWHLQWKHHQHUJ\FRQVXPSWLRQ
&RQFOXVLRQ
)URPWKHSUDFWLFDOZRUNLQERWKEHQFKDQGSLORWVFDOHOHYHOVSRWDVVLXPIHUUDWHSURYHGWKDWLWLVRQHRIWKHXQLTXH
PDWHULDOVWKDWFDQEHXVHGLQZDWHUWUHDWPHQWDQGKDYHWKHIROORZLQJDGYDQWDJHV
x 6DYLQJHQHUJ\RIFKHPLFDOGRVLQJ
x 6DYLQJHQHUJ\RIVOXUU\GLVFKDUJH
x 6DYLQJWKHHQHUJ\UHTXLUHGIRUDFWLYDWHGFDUERQILOWHUEDFNZDVK
x 3URGXFHQRGLVLQIHFWLRQE\SURGXFWVJUHHQFRDJXODQW
x $FKLHYHWKHQHHGHGWUHDWPHQWZLWKORZHUGRVHV
x :DVWHZDWHUWUHDWPHQWDSSOLFDEOHLQGLVLQIHFWLRQ
 
3RWDVVLXP IHUUDWHZLOO UHTXLUH QRPRUH DGGLWLRQDO WUHDWPHQW VWHS LW FRXOG RQO\ UHSODFH WKH DOXP GRVLQJ SXPS
8VLQJRI IHUUDWH LQ WKH SLORW VFDOH DFKLHYHG VDYLQJ LQ HQHUJ\E\ WRWDO  IURP WKH WRWDO HQHUJ\ UHTXLUHG IRU
RSHUDWLQJWKHSLORWSODQWWKLVLVE\VDYLQJWKHHQHUJ\RIDOXPFKORULQHGRVHDQGDOVRVDYLQJWKHHQHUJ\RIDFWLYDWHG
FDUERQILOWHUEDFNZDVKSXPS8VLQJRISRWDVVLXPIHUUDWHLQZDWHUWUHDWPHQWZLOOSURGXFHORZHUVOXUU\DQGWKLVZLOO
KDYHGLUHFWUHGXFWLRQWRWKHFRVWRIHQHUJ\UHTXLUHGWRWKHVOXUU\GLVFKDUJHDQGDOVRWKHFRVWRIHQHUJ\UHTXLUHGWR
WUHDW WKLVVOXUU\EHIRUHGLVFKDUJLQJLQWRHQYLURQPHQW3UHSDUDWLRQRISRWDVVLXPIHUUDWHUHTXLUHVRUGLQDU\FKHPLFDOV
ZKLFK XVXDOO\ SUHVHQW LQ DQ\ZDWHU WUHDWPHQW IDFLOLW\ ,W LV SRVVLEOH WRPDNH WKH SURFHVV RI SURGXFLQJ SRWDVVLXP
IHUUDWHVXVWDLQDEOHE\PDNLQJRQVLWHJHQHUDWLRQRISRWDVVLXPIHUUDWH$PPRQLDUDLVHGOHYHOLVRQHRI(J\SWVSHFLILF
FKDOOHQJHHVSHFLDOO\LQZLQWHUWKHSUHVHQFHRIVXFKKLJKDPPRQLDFRQFHQWUDWLRQUHTXLUHVPRUHDQGPRUHFKORULQH
ZLWKWKHXVDJHRISRWDVVLXPIHUUDWHWKLVSUREOHPFRXOGEHVROYHGLQODUJHVFDOH
5HFRPPHQGDWLRQV
x 8VLQJ RI IHUUDWH DV DPXOWLIXQFWLRQ JUHHQ FRDJXODQW LQVWHDG RI ERWK FKORULQHDOXP WR VDYH WKH HQHUJ\
UHTXLUHGIRUGRVLQJ
x ,QLWLDWLQJIXUWKHUDWWHPSWVWRXVHSRWDVVLXPIHUUDWHRQODUJHVFDOH
x 0RUH ZRUN VKRXOG EH GRQH WR SURGXFH SRWDVVLXP IHUUDWH RQ VLWH WR VDYH WKH FRVW RI FKHPLFDO
WUDQVSRUWDWLRQDQGVWRUDJH
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


Ϭ
ϭϬϬ
ϮϬϬ
ϯϬϬ
ϰϬϬ
ϱϬϬ
ϲϬϬ
ZĂǁǁĂƚĞƌ
ƉƵŵƉ
ŚůŽƌŝŶĞ
ĚŽƐŝŶŐƉƵŵƉ
ůƵŵĚŽƐŝŶŐ
ƉƵŵƉ
&ŝůƚĞƌĂŝƌ
ĐŽŵƉƌĞƐƐŽƌ
&ŝůƚĞƌ
ďĂĐŬǁĂƐŚ
ƉƵŵƉ
ĐƚŝǀĂƚĞĚ
ĐĂƌďŽŶĨŝůƚĞƌ
ďĂĐŬǁĂƐŚ
ƉƵŵƉ
^ůƵƌƌǇ
ĚŝƐĐŚĂƌŐĞ
ƉƵŵƉ
dŽƚĂůĞŶĞƌŐǇ
ŶĞƌŐǇĐŽŶƐƵŵƉƚŝŽŶďǇtĂƚƚ;ůƵŵͬŚůŽƌŝŶĞͿ
ŶĞƌŐǇĐŽŶƐƵŵƉƚŝŽŶďǇtĂƚƚ;&ĞƌƌĂƚĞͿ
(QHUJ\
:DWW
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